Linear free energy relationships (LFER) were applied to the IR, 1 H-and 13 C--NMR spectral data in N-alkyl and N-cycloalkyl cyanoacetamides. N-alkyl and N-cycloalkyl cyanocetamides were synthesized from corresponding amine and ethyl cyanoacetate. A number of substituents were employed for alkyl substitution, and fairly good correlations were obtained, using simple Hammett equation. In N-alkyl and N-cycloalkyl cyanoacetamides substituent cause SCS of N-H hydrogen primarily by steric interaction, polar subtituent effect influences SCS shift of C=O carbon, while steric effect of N-alkyl substituent causes IR stretching frequencies of N-H, C=O and CN group. The conformations of investigated compounds have been studied by the use of semiempirical PM6 method, and together with LFER analysis, give a better insight into the influence of such a structure on the transmission of electronic substituent effects. Negative ρ values for several correlations (reverse substituent effect) were found.
Cyanoacetamides as well as many derivatives show diverse biological activity [1] [2] [3] [4] [5] [6] . They are also used as intermediates for the preparation of various organic and often heterocyclic compounds due to its high reactivity [7, 8] . Some derivatives are also used as dyes [9, 10] .
Analysis of both steric constants), and h is the intercept (i.e., describes unsubstituted member of series) [11] . For the correlation of spectral data for N-alkyl and N-cycloalkyl cyanoacetamides we tried to use Charton's steric constants υ and corrected υ (υ corr ) for the -C-C-branching in the the corresponding alkyl group [12] . The υ corr parameter stands for υ(n 1 +n 2 ), n 1 and n 2 being the number of branch points at the alpha-and beta-C-atoms in the alkyl groups, respectively. In some instances, we considered it appropriate to take into account the conformational effects described in that manner, because of the close proximity of the alkyl groups and the N-H proton. This model using υ corr parameters failed, as the steric effect probably does not largely depend on alkyl branching. Interestingly, instead of these, a constant correlation with steric parameters for alkylamino group, defined by Charton [13] , gave excellent results which will be discussed later in the paper.
So far, our investigations in the chemistry of different amides included the synthesis and identification of new compounds, as well as the mass spectral study [14, 15] . Also, UV absorption spectra of N-(4-substituted phenyl)-2,3-diphenyl-propanamides [16] and N-(4-substituted phenyl)-benzamides [17] in various solvents have been investigated.
In the first part of this work, a series of N-alkyl and N-cycloalkyl cyanocetamides was synthesized ( Figure   1 ), and corresponding substituents are given in Table 1 . In the second part of the work, linear free energy relationships (LFER) were applied to the ν, 
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EXPERIMENTAL
Materials
Ethyl cyanoacetate and amines used in synthesis were purchased from Fluka.
Methods of synthesis of N-alkyl and N-cycloalkyl cyanoacetamides All investigated amides were synthesized by known method [18] .
Yields and melting points of synhtesized cyanoacetamides are given in Table 1 .
Instrumental techniques
The IR spectra were recorded on a Bomem MB 100 FTIR spectrophotometer (Hartmann & Braun) in the form of KBr pellet. C-NMR spectra. All spectra were recorded at ambient temperature.
Geometry optimization
The starting conformations of the both E and Z forms of studied molecules were sketched in Isis Draw 2.5, and optimised on MO semi-empirical level, by PM6 method [23] , to root-mean-square gradient bellow 0.01 kcal/mol, using eigen-vector following gradient with implicit CDCl 3 solvation for N-alkyl and N-cycloalkyl-cyanoacetamides (COSMO) (Keywоrds: EF, GNORM = 
RESULTS AND DISCUSSION
In order to get better insight into transmission modes of particular substituent effects, as well influence of their optimal geometry, an analysis of substituent effect on absorption frequencies ν of N-H, CN and C=O groups, as well as 1 H-and 13 C-NMR chemical shifts of N-H proton and C=O carbon, was performed.
The chemical shifts (SCS) of the N-H proton and C=O carbon of all cyanoacetamides are given in Table 2, in terms of the substituent chemical shifts (SCS) relative to the parent compound. Also, the IR stretching frequencies of characteristic groups N-H, CN and C=O of N-alkyl and N-cycloalkyl cyanoacetamides are shown in Table 2 .
The general conclusion derived from the data in Table 2 is that alkyl and cycloalkyl substituents influence, via their electronic and steric effects, the value of ν as well as SCS of N-H proton and C=O carbon. Among factors contributing differences in ν and SCS values (Table 2) , the geometry of the investigated compounds plays an important role regarding elements of their geometry. Thus, a definite molecular geometry has been achieved as a consequence of the particular transmission modes of the substituent electronic effects. LFER analysis of the 1 H-and 13 C-NMR data in N-alkyl and N-cycloalkyl cyanoacetamides Study of the transmission of substituent effect in N-alkyl and N-cycloalkyl cyanoacetamides was dificult task regarding choice of alkyl substituent constant which could give reasonable correlations. It could be expected that alkyl substituents cause SCS values of N-H proton primarily by their steric effect, described by constants υ, Es and υ corr values, and considering that they shows rather weak electronic effects. However, the model using Charton constant υ and υ corr failed. It appears that υ corr constants, corrected for the C-C branching at the alpha-and beta-carbons in the substituent alkyl groups, which also account for the hyperconjugation and its effect on the electron density changes, could not satisfactory described N-alkyl substituent influences on SCS N-H and C=O atoms. This could be consistent to the somewhat restricted free rotation of the alkyl groups [12] , or such geometrical arrangement which could not allow larger extent of hyperconjugative resonance interaction. In order to study electronic and structural effect of alkyl group on the electronic character of the carbonyl unit, we have used different alkyl and cycloalkyl groups (series 1 and 2), which express different Taft's polar substituent constant σ* for R and varies from 0 to 0.22. The most succesfull correlations obtained for N-H proton and C=O carbon are given in Table 3 .
The neccessity to include the steric factor in the correlation of the SCS for the N-H proton shows that a steric interference of the bulky alkyl groups with N-H proton occurs. An attempt to correlate SCS value of N-H proton with Es parameters gave three separate correlation lines (Table 3 , lines 1-3), which further confirms the importance of conformational effects of alkyl substituent, also indicating that spatial arrange- shows a good correlation with a negative slope for both series (Table 3 , rows 4 and 5). The carbonyl carbon resonates on the higher field, indicating increased shielding at the C=O carbon as long as the more electron-withdrawing alkyl group is present. Substituents in their close vicinity exert only steric influence on SCS of N-H, while alkyl substituent produces more significant polar effect (field effect) at C=O carbon. It could be supposed that transmission of alkyl substituent effect cause mainly degree of resonance interaction in amide group ( Figure 3, structure a) . The relatively high value of the slope of the SCS dependence with respect to σ* for C=O (Table 3 , rows 4 and 5) indicates that there is a significant influences of substituent effect of alkyl group attached on amide nitrogen. Reverse substituent chemical shift effects have been previously detected for some unsaturated carbons in the side chains of aromatic rings. The behavior has most often been explained by the effect of so-called π-polarization. The substituent dipole is thought to polarize each π-unit as a localized system. It could be supposed that carbonyl group is subjected to the polarization through the space (field effect). The π-polarization mechanism was criticized [25] , but no alternative explanation was given.
Considering the wave function presented by the structure in Figure 3b , a dipole on N-alkyl (or near to that bond) could is induced, and interaction of this dipole through molecular cavity results in the polarization of π-electron of carbonyl group (localized polarization), casuing reverse polarization of that group.
The negative sign means reverse behaviour, i.e., the value of SCS of C=O carbon decreases, although the electron-withdrawing ability of the substituents, measured by σ*, increases.
Resonance interaction (n,π-conjugation) within the amide group, presented by the wave function in Figure 3a , is of appropriate significance. The net result that the substituent of higher electron-donating capabilities decreases the shielding of C=O carbon, and the opposite effect is exerted by electron-acceptor. According to the presented result, it could be accepted that the extent of resonance interaction within π-electronic system of amide group is of utmost significance for transmission of alkyl substituent effect through investigated molecules. Table 2 . The best correlations, and significantly better statistical than with other steric parameters, was obtained with υ steric parameters for alkylamino group, defined by Charton [13] , and they are presented in Table 4 . The neccessity to include the steric factor in the correlation of the υ for N-H bond shows that an steric interference of the bulky alkyl groups with N-H proton occurs, what is in accordance with weak electronic effect of those group, and also with previous discussion on substituent effect on SCS of N-H hydrogen. An attempt to correlate N-H stretching vibration with υ steric substituent values gave two separate correlation lines for symmetric and asymmetric N-H vibrations, which further confirms the importance of the steric substiuent effect depending on their spatial conformation. Substituent effect on ν values of C=O and CN groups shows complex influences which are very difficult to interpret.
Results of geometry optimization
An analysis of optimized geometries of investigated compounds could help understanding transmission modes of substituent effects through such defined spatial arrangement. Estimation of substituent effect on the polarization of C=O bond could be obtained from calculation of optimized geometries (angles θ, bond length C=O, (C=O)-N and N-C1, as well (C=O)-H(C1) interatomic distance, obtained by the use semi-empirical PM6 method, and results are presented in Table 5 . The optimized structures of all cya- The presented results show that there are some significant variation of elements of optimized geometries of investigated componds. Conformational arangement could help the understanding of the extent of substituent effect transmission modes: steric and electronic. Variation of the elements of geometries (Table 5) indicates that there is a complex contribution of appropriate substituent effects which is quantified in the presented correlation results. It should be noticed that two effects exist, n,π-conjugation in amide group (Figure 3a) and substituent effects, in the investigated molecules is balanced causing appropriate conformational arrangement of investigated compounds.
CONCLUSION
Applied LFER analysis appears to be a straightforward method for correlations of SCS values of investigated molecules with appropriate substituent constants. The N-alkyl and N-cycloalkyl cyanoacetamides show a broad range of the properties. All correlations are of good quality, indicating that substituent effects on SCS are electronic in origin. There are possibilities for substituent interactions, both electronic and particularly steric, but the general trends of substituent effects were estimated. One conclusion is that in both N-alkyl and N-cycloalkyl cyanoacetamides, the substituent and amide group are nearly coplanar, conforming E-conformation, and the deviations, defined by the torsional angle θ, vary with the type of substitution. Reverse polarization is operative at carbonyl carbon, as a consequence of π-polarization.
